This paper addresses the problem of detecting bruises on strawberry fruit surface.
Introduction
In automatic quality inspection of strawberries (Fragaria grandiflora), the extent of surface bruising is one of the major quality criteria. Each strawberry was placed on a black circular stage to measure the spectral reflectance of strawberries. The bruised areas compressed with 1, 2, 3 and 4 N were measured by the sensor at the distance of 5 mm and their spectral characteristics were analyzed. All devices were kept inside a black rectangular box to prevent any external influences in a dark room.
Spectral reflectance of bruised areas for each force group was measured at the elapse of 0, 12, 24, 36 and 48 hours. Each recorded spectrum was the average of 60 observation data taken in 1-minute.
(2) Data analysis
The spectral reflectance was analyzed to find the critical range of wavelengths that have good discriminating ability. These wavelengths were termed as effective wavelengths.
The intensity levels of reflection from five sets of strawberries at each compressive force against each elapsed time were analyzed.
In order to have better separating ability, spectral filters were selected having constant and maximum difference in intensity level of reflection between bruised and non-bruised areas4). The differences in intensity level of reflection were calculated as follow:
(1) 
: Effective wavelength 3. Image analysis for bruise detection (1) Experimental methodology
The strawberries, before and after subjected to compressive force, were placed under NIR illuminapixels/mm) of non-bruised strawberries were taken (2) Method of image subtraction by using same strawberry In order to check the feasibility of bruise judgment using images, a method of image subtraction between two images taken at different wavelengths has been proposed.
In this method, a pair of images was acquired from the same strawberry. The first image was the non-bruised and the second image was the bruised strawberry.
After acquiring an image of non -bruised strawberry , the strawberry was subjected to bruising by specially designed plunger, which adds Hence, the images of bruised and non-bruised strawberry could be acquired in same position. The char-acteristics of intensity level of reflection from bruised and non-bruised surfaces of strawberries were used to make spectral analysis in this experiment. The two images acquired with 860 and 960 nm filters for nonbruised and bruised strawberries respectively were pixels. The former image was subtracted from the latter one for detecting the bruises.
The main reason for using the same strawberry was to eliminate any error that could occur due to image subtraction.
The following steps were carried out in sequence to estimate the bruises on strawberries:.
The bruises were judged from the difference image by estimating its white dots. The brightness and extent of such white dots indicated the occurrence of bruises.
(3) Method of image subtraction for online sorting by using standard and test strawberries During online sorting, the image of test strawberries can be taken at one time only. The image of nonbruised strawberries is necessary for image subtraction.
The non-bruised strawberries were selected among the test strawberries. A method of image subtraction has been proposed between the test strawberry and the standard strawberry.
1) Determination of standard image
Some non-bruised strawberries were selected from a lot of strawberries. The images of these nonbruised strawberries were acquired through 860nm
was extracted from the images as shown in Fig. 3 Firstly, the standard image of non-bruised strawberry samples with 860nm was subtracted from the each of non-bruised strawberry images with the same filters. Then, the difference images of each pair of images were binarized at the same threshold level that separated best between bruised and non-bruised parts on the strawberry. The maximum number of pixels at 255 gray levels (white pixels) among the binary images was detected.
These pixels were considered as extra pixels.
3) Judgment of bruises
The images of test strawberries were taken with the 960 nm filter. The standard image was subtracted from the image of strawberries to be judged. The difference image was binarized at 22 gray levels.
The number of pixels at 255 gray levels (white pixels) in difference image was compared with the extra pixels. If the number of the white pixels were greater than the extra pixels, the strawberry was judged as bruised, if less than the extra pixels then the judgment were non-bruised.
The following steps were carried out in sequence to estimate the bruises for online sorting of strawberries.
Results and Discussion
Spectral Analysis
(1) Intensity level of reflection hours. It was found that the differences were constant for the strawberries compressed with 1 N.
There were decreases in differences in intensity level of reflection for the bruised areas of strawberries compressed with 2, 3 and 4 N at 36 and 48 hours of elapse time.
The compressive forces have influences on the intensity level of reflection, but its elapsed time has less effect on it. Hence, it was assumed that the strawberries underwent total bruising during the elapse of initial 12 hours from the application of compressive forces.
Image analysis for bruise detection
(1) Method of image subtraction by using same strawberry Fig. 7 shows examples of image subtraction using the same strawberry. The second column shows the images of bruised strawberries, compressed with 1 of non bruised strawberries, f860 (x, y). The fourth column shows the difference image, g (x, y) obtained by image subtraction between f960 (x, y) and f860 (x, y).
Small concentric white dots were found exactly at the bruised area in g (x, y) of the strawberries compressed with 2N and more. The area and intensity of dots increased with increase of compressive force. The bruises were clearly visible without any noise as the image subtraction was carried out between the same strawberries. Thus, the image subtraction method can be used for detecting bruises on the surface of strawberry.
(2) Method of image subtraction for online sorting by using standard and test strawberry An image judgment of bruise was made by number of number of the highest pixel was severely bruised.
Image judgment was also compared with visual judgment and they were found to agree with each other.
A few examples of these images are shown in Fig. 8 , In this method, image subtraction was done using the standard image of strawberries as a second image, which always produces some error. The test straw- 
Conclusions
The strawberries are subjected to various degrees of compressive forces during their post harvest handling.
These fruits undergo minute bruising, which may not be visible during its sorting. Such bruises may enlarge after several hours. The use of NIR image processing was studied to detect such bruises for online sorting of strawberries.
The following conclusions are obtained from this study:
(1)
The spectral analysis showed that the minimum differences in intensity level of reflection occur at 860 nm for the bruised surface of strawberry.
The constant differences occurred at the range of 945 to 975 nm.
(2) The spectral filter with 960 nm was selected within the range of this effective wavelength.
(3) Two methods of image subtraction were carried out between the images taken with 860 and 960 nm spectral filters. In the first method, the image subtraction was carried out between same samples. It was found that the bruised area in the image became larger with the increment of any compressive forces.
(4)
In second method, the image subtraction was carried out between test strawberry and standard strawberry image for on-line sorting. The result obtained from image subtraction agreed with human judgment. However, there occurred some error due to extra pixels.
Further study is strongly recommended to detect the bruises on strawberry by using online images without subtraction.
